The gastrointestinal HCO − 3 secretion functions to limit the mucosal acid damage due to HCl secreted in the stomach or organic acids produced in the large intestine. We studied HCO − 3 secretion in the mouse large intestine with isolated tissues mounted in chambers by using pH stat method. Addition of Cl − to the mucosal side caused an increase in HCO − 3 secretion in the cecum and distal colon but had little, if any, effect in the proximal colon. In agreement with this, mucosal surface pH was higher in the cecum and distal colon than in the proximal colon. The Cl 
secretion in the cecum was inhibited by 5-nitro-2-(3-phenylpropylamino)benzoic acid (NPPB, mucosal addition), but not by DIDS (mucosal or serosal), acetazolamide, amiloride (serosal) or glibenclamide (mucosal). Removal of Na + or addition of propionate had hardly any effect on the Cl − -induced HCO Mucosal acid-base transport systems are essential for physiology and pathology of gastrointestinal tract (16) . One major component is bicarbonate (HCO − 3 ) secretion, which occurs in almost all part of gastrointestinal segments. Its major physiological function is thought to limit acid damage on the mucosa due, for example, to HCl secreted in the stomach or short-chain fatty acids produced in the colon. Mechanism and regulation of HCO − 3 secretion have been extensively studied in the upper gastrointestinal tract, but are less understood in the large intestine (1, 3) .
Previous in vivo and in vitro studies have suggested the presence of at least three HCO − 3 secretion pathways in the large intestine; Cl − -dependent, shortchain fatty acid-dependent, and cAMP-induced secretion (3, 9) . This study focused mainly on the Cl − -dependent HCO − 3 secretion. The Cl − -dependent HCO − 3 secretion is thought to be mediated by Cl − / HCO − 3 exchanger at the apical membrane from the following evidence: First, during the in vivo luminal perfusion study of the large intestine the concentration of luminal HCO − 3 was increased while Cl − concentration was decreased (10) . Second, it has been demonstrated in apical membrane vesicles that Cl − uptake is enhanced in the presence of outward HCO − 3 gradient (2, 21, 22) . Third, congenital chloride diarrhea is due to mutation in the SLC26A3 (alias, DRA) gene and characterized by a high Cl − concentration in acidic stools and metabolic alkalosis (17) . SLC26A3 was shown to mediate Cl − /HCO − 3 exchange and its defect can best explain the disease phenotype (7, 18, 20) .
In the present study we examined Cl − -dependent HCO − 3 secretion in isolated mouse large intestine.
an exposed area of 0.196 cm 2 . The volume of the bathing solution on each side was 10 mL, and the solution temperature was maintained at 37°C in a water-jacketed reservoir. SO 4 under the automatic control of a pH-stat system (HSM-10A, Toa Electronics, Tokyo, Japan), as described previously (9) . Some experiments were performed under short-circuit conditions, the short-circuit current (I sc ) and transmucosal conductance (G t ) being measured with the use of an automatic voltage-clamping device as described previously (9) .
Solutions
Materials. We obtained acetazolamide, dimethylamiloride, glibenclamide and indomethacin from Sigma (St. Louis, MO, USA) and were dissolved in DMSO. 4,4'-diisothiocyanostilben-2,2'-disulphonic acid (DIDS) was purchased from Wako (Tokyo, Japan) and was dissolved in mucosal Cl − -containing solution. 5-Nitro-2-(3-phenylpropylamino)benzoic acid (NPPB) was obtained from RBI (Natick, MA, USA) and was dissolved in DMSO. Tetrodotoxin was purchased from Calbiochem (Darmstadt, Germany) and was dissolved in water containing a little acetate to retain its structure.
Statistics.
Results are means ± SE (n = no. of animals). Data were compared by using Student's two-HCO − 3 secretion in the mouse large intestine has not been reported yet. Since information obtained by molecular biological techniques is rich for mouse tissues, we considered it meaningful to elucidate functional properties of large intestinal HCO − 3 secretion of this species. To this end, we first examined the mucosal surface pH with the use of a micro-pH electrode to elucidate the role of the HCO − 3 secretion for determining luminal acid-base physiology. We then explored the Cl − -dependent HCO − 3 secretion with the isolated intact mucosa of the large intestine mounted in chambers, using a pH-stat system. After segmental difference of the activity of the Cl − -dependent HCO − 3 secretion was examined among the cecum, proximal colon and distal colon. Cl − -dependent HCO − 3 secretion occurring in the cecum was further characterized.
MATERIALS AND METHODS

Animal. Male ddy mice (30-50 g) purchased from
Nihon SLC (Hamamatsu, Japan), were maintained on a standard laboratory diet and allowed free access to food and water before the experiment. The mice were killed by cervical dislocation and the large intestine was quickly excised. We define the proximal colon as upper one third and distal colon as lower one third of the entire colon. All procedures used in this study were performed in accordance with the "Guiding Principles for the Care and Use of Animals in the Field of Physiological Sciences" published by the Physiological Society of Japan.
Fecal and mucosal surface pH measurements in the large intestine. Immediately after the excision, a combination micro-pH electrode (MI-413, Microelectrodes, Bedford, NH, USA) was inserted through the small incision of intestinal wall. The feces (intestinal content) pH was determined by inserting the electrode into the feces, and the mucosal surface pH was determined by gently pressing the electrode against intestinal wall. To exclude the circadian variation, we carried out this experiment during 12 : 00-14 : 00.
Tissue preparation. The excised intestinal segment was opened and placed in an oxygenated HCO − 3 -buffer solution at room temperature. The mucosal preparation, consisting of the mucosa and submucosa, was made by removing tunica muscularis with fine forceps. The tissue sheets were then mounted vertically between Ussing-type chambers that provided 
RESULTS
Segmental difference of pH profile in the large intestine
We first measured the feces pH and the mucosal surface pH in the mouse cecum, proximal colon and distal colon, with using a micro-combination pH electrode (Fig. 1) . Feces pH in the distal colon (6.86 ± 0.12) or cecum (6.82 ± 0.08) was higher than that in the proximal colon (6.51 ± 0.06). Mucosal surface pH showed similar segmental differences, being highest in the distal colon (7.28 ± 0.03), followed by the cecum (7.08 ± 0.04) and was lowest in the proximal colon (6.63 ± 0.04, n = 5 for all). In addition, mucosal surface pH was higher than feces pH in all segments, although the difference was not significant in the proximal colon. Furthermore, it was noticed that the differences of pH between mucosal surface and feces were correlated with the pH value of mucosal surface (and feces), i.e. the higher the mucosal surface pH (and feces pH), the larger the pH difference. Thus, a rate of mucosal alkaline secretion is possibly higher in the cecum and distal colon than the proximal colon, and principally responsible for the observed pH profile across the Fig. 1 pH profile in the mouse large intestine. Schematic drawing of the large intestine is shown on the left-side panel. The pH was measured using combination micro-pH electrode after the whole large intestine was excised. The mucosal pH was measured by gently pressing the electrode against mucosal surface. Segmental differences of mucosal and fecal pH were analyzed using ANOVA followed by Tukey's test. Different alphabets indicate significant differences. † significantly different between the feces and mucosal pH (unpaired t-test). n = 5 for both mucosal and fecal pH measurements.
bly similar in the absence and presence of Na + , suggesting that it occurs independently on Na in the absence, cf. Fig. 2 , and 3.10 ± 0.39 μmol cm −2 h −1 in the presence, cf. Fig. 3 , of indomethacin and tetrodotoxin, p < 0.01). As shown in Fig. 3 and the results are summarized in Table 1 . Inhibitor of Na + /H + exchanger, dimethylamiloride, added to the serosal side had no effects on J OH s-m , I sc and G t , excluding the involvement of basolateral Na + /H + exchanger. Addition of DIDS to the mucosal side had no effect on J OH s-m , I sc and G t . Recently, a HCO − 3 secretion pathway in the large intestine has been suggested to involve basolateral DIDS-sensitive uptake mechanism and apical glibenclamide-sensitive anion channel (28). In the mouse cecum, however, apical glibenclamide had no effect on J OH s-m , I sc and G t . Serosal DIDS had also no effect on J OH s-m , while it signifi- 
DISCUSSION
The results of pH profile measurement in the mouse large intestine suggest that HCO − 3 secretion occurs from the mucosa and has strong influence on the mucosal surface pH, and, to a lesser extent, on the fecal pH. The rate of the mucosal HCO − 3 secretion is probably higher in the cecum and distal colon than in the proximal colon. Previous studies in the mouse and guinea pig distal colon demonstrated the regulation of mucosal surface pH by mucosal HCO − 3 secretion (8, 15) . However, they did not examine if there is any segmental difference in the rate of mucosal HCO − 3 secretion within the large intestine. The present data also suggest that the Cl − -dependent HCO − 3 secretion is probably the main HCO − 3 secretion pathway responsible for the formation of the observed pH profile because it exhibited higher activity in the cecum and distal colon than in the proximal colon.
The present in vitro study using pH stat systems showed that the Cl − -dependent HCO − 3 secretion occurs prominently in the mouse cecum and distal colon. Using the similar experimental system, Cl − -dependent HCO − 3 secretion was demonstrated in guinea pig and rat cecum (6, 27 ) and in rat distal colon (12, 13, 24) . Interestingly, Cl − -dependent HCO − 3 secretion was reported to be hardly observed in the proximal colon of rabbit as is the case for the mouse (23) . We found that the Cl J was determined during 60~70 min thereafter. DIDS was applied by replacing the usual solution with the DIDS-containing solution, and the other inhibitors were applied from the concentrated (× 1,000) stock solution dissolved in DMSO. "M" indicates the application to the mucosal solution and "S" to the serosal solution. *Significantly changed after the treatment. n = 7 for time control and n = 5 for others.
